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SUMMARY •  •• 

A preliminary investigation has "been made at lo-w speed of the 
downwash behind various small-scale sweptback .wings. The wing con- 
figurations for which data were obtained covered aspect ratios 
from 2.5 to k*0, .sweepback angles from 32.5° to k0°,  and ratios of 
root chord to tip chord from 0.b2 to 2.06. 

The data showed that for the higher tails and shorter tail 
lengths behind each of the wings in the wing-tail combinations 
tested fairly large variations .occurred in the rate of -change of 
downwash angle with angle of attack de/da at high angles of attack 
with resulting large changes in. the• longitudinal stability of the 
wing-tail combinations. In general, lowering the tail to a position 
near the extended chord line of the wing and increasing the tail 
length caused improvement of the stability as characterized by 
decreases in dc/da and by decreases in the variation of de/da 
with angle of attack. 

Increasing the wing aspect ratio caused a reduction in de/da 
and improved the tail contribution to the stability. Increasing 
the ratio of wing root chord to tip chord caused increases in the 
rate of change of downwash angle with angle of attack for the low 
lift range. 

The use of trailing-edge flaps caused a slight increase in 
de/da and caused an increment of downwash angle at low angles of 
attack about the same as -would be expected for unswept wings. 
Leading-edge slats reduced the variation of de/da at high lift 
coefficients and generally resulted in improvement of the stability. 

Values of downwash angle computed-from design charts for unswept 
wings given in NACA Reports No. 65-8 and 7H agreed fairly well with 
experimental data at low lift coefficients provided the computations 
were based on the aspect ratio and span of an unswept wing having the 
same panels as the sweptback wing. 
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imoiJUCTION 

The analysis of reference 1 shows that the use of sweptback 
wings for high-speed aircraft can greatly extend the range of flight 
Mach number attainable "before the onset of serious compressibility 
effects on the wings. The National Advisory Committee for Aeronautics 
is therefore attempting to supply design data on the characteristics 
of swept wings. For the low-speed range in which the disadvantages 
inherent in the use of high degrees of sweep appear to be greatest, 
the Langley Laboratory of the NACA has supplied such data on the 
low-speed stability and control characteristics of sweptback wings in 
references 2 and 3 and has provided a collection and analysis of 
static longitudinal stability characteristics of sweptback wings in 
reference k. 

The analysis of reference k  shows that the static longitudinal 
stability of- isolated wings, particularly near the stall, is 
greatly dependent upon the aspect ratio and sweepback angle. A 
summary chart based on these two parameters is presented in reference h 
for use in determining stable and unstable combinations of sweep 
and aspect ratio. Other data presented in reference k  indicate, how- 
ever, that the problem of obtaining adequate longitudinal stability 
for wing-tail combinations is more complex than that for wings alone 
because of apparently large and unpredictable downwash changes in the 
region of the tail surfaces. 

As an extension to the work of reference k,  the present paper 
provides a collection and brief analysis of downwash measurements 
made behind various sweptback wings. The data were obtained from 
tuft observations and force tests of wing-tail combinations in the 
Langley 7- by 10-foot tunnel. 

COEFFICIENTS AND SYMBOLS 

CL     lift coefficient (Lift/qS) .. 

Cj.     isolated-tail lift coefficient (Lift of isolated tail/qS-fc) 

Cj)     drag coefficient (Drag/qS) 

Cm     pitching-moment coefficient about quarter chord.of wing 
mean aerodynamic chord (Pitching moment/qSc-!). 

q      dynamic pressure, pounds per square foot 
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p mass- density of air, slugs per cubic foot 

T air Telocity, feet per second 

S wing area, square.feet 

St tail area, square feet 

c airfoil section ohord, feet        /    . 

c' airfoil mean aerodynamic chord, feet I - j   c dy, 

C|j' airfoil root chord, feet 

CIJV airfoil tip chord, feet 

A„A angle of sweepback of line of.quarter-chord points of airfoil, 
'      degrees 

A wing aspect ratio (b2/s) 

A{. tail aspect ratio s (h^
2/St) 

"b     . wing span, feet 

b^ tail span, feet 

a angle of attack of wing, chord.line,.degrees 

o^. angle of attack of tail chord line, degrees 

e angle of downwash, determined from tuft surveys, degrees 

1 effective angle of downwash, determined from force-test 
data, degrees 

i.j.-     tail setting with, respect to wing chord line, positive 
when trailing edge moves down, degrees 

q^  "'. "effective, dynamic pressure at tail, pounds per square foot 

2^     tail lengthy distance, in chord plane from quarter-chord 
point of wing mean' 'aerodynamic chord to quarter-chord . '. 
point of tail mean' aerodynamic chord or to a point in 
survey plane equivalent to quarter-chord point of tail 
mean aerodynamic' chord, feet 
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h^     tail height, vertical distance from wing chord plane to 
tail chord plane or to point in survey plane, feet 

y     spanvise distance from plane of symmetry, feet 

n_     neutral point 

MODELS AND APPARATUS 

Models 

Details of the models tested are shown in figures 1 to 7» All 
the wings and tails were made of laminated mahogany. The tails of 
models A to D were mounted on a 2- "by It-inch pine fuselage "by means 
of the fittings shown in figure 8. 

Survey Apparatus 

Downwash surveys for models D,  E, and F were made with the 
tuft apparatus shown in figure 9. For models B and C the wires 

extended „from the tunnel floor to the ceiling and from -*?- • 0 

to -"v- « 1.0. The row of wires supporting the tufts was swept 
"b/2 

"back 40° and photographs (see fig. 10) were taken from the side of 
the tunnel at an angle of 90° to the air stream. The photographs 
were enlarged to approximately one-half full-size and the tuft 
angles were read by using the vernier protractor of a drafting 
machine. 

TESTS AND RESULTS 

Test Conditions 

The following table summarizes the test conditions for the various 
models in the LangLey 7- ty 10-foot tunnel: 

Model 

A, B, and C 
D 
E 
F 

Isolated 
tails 

Dynamio pressure 
(lh/sq ft) 

17.16 
16.37 
16.37 
16.37 
16.37 

Test Reynolds number 

0.83U X 106 
•97fc 
.850' 
,800 

.lUO 

Turbulence 
factor 

1.6 
1,6 
1.6 
1.6 

1.6 
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Corrections 

Tares«- The model force-test data.have not been corrected for 
tares. The data for the isolated tails of models A, B, C, and D 
have been approximately corrected for tares "by adjusting the angle 
of zero lift to -3.8°• This angle is a corrected value based on 
tests data for unswept Clark Y airfoils multiplied by the cosine of 
k0°  to' account approximately for sweep effects. 

The downwash angles determined from tuft surveys for the - 
symmetrical airfoils (models B and C) were approximately corrected 
for tares by subtracting the downwash angles measured at an angle 
of attack of zero from the downwash angles measured at all angles 
of attack. For the cambered airfoils (models D, E, and F) the 
tare downwash angles were determined from' tuft measurements made 
with the models removed but with the model support strut installed 
in the tunnel. 

Jet-boundary effects.- The various Jet-boundary corrections 
applied to the force-test data are presented in table I. These 
corrections are standard values developed for unswept wings (see 
reference 5) and for the present tests were based on the actual 
aspect ratio and area of each sweptback wing. 

Within the limits of applicability of the Jet-boundary 
corrections developed for unswept wings to tests of, swept wings, 
the effective downwash angles determined from the corrected force- 
test data are also corrected for Jet-boundary effects. 

- No Jet-boundary corrections have been applied to the downwash 
angles measured by tufts for any models, but the angles of attack 
presented with the tuft-survey data are also uncorrected in order 
that the values of de/da obtained from these data might be more 
nearly correct. 

Tests and Presentation of feesults 

Force tests.- Force tests of all models were made through the 
angle-of-attack range from about -k°  to the stall angle. For models A 
to D tests were made with the tail removed and with the tail set "at 
approximately 0° and -6° relative to the wing chord line at each of 
the positions shown in figures 1 to k. 

For models A to D the Values of effective downwash angle e1 

and dynamic-pressure ratio were computed from tail-off, tail-on, 
and isolated-tall tests by a method of successive approximations which 
takes into -account the nonlinear!ty of the isolated-tail lift curve. 
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Downwash surveys. - • The downwash surveys "behind models B and C 
with the tail removed and "behind the wings of models D, E, and F 
were made through the angle-of-attack range from 0° to 20°. in the 
survey planes shown in figures 2, 3, k,  6, and 7' Since the groups 
of tufts were fixed in space, the survey planes were located 
differently with respect to the model for each angle of attack, as 
shown in figure 11. The data are shown located with respect to the 
chord plane, and the fact that the survey planes did not remain 
perpendicular to the chord plane was ignored "because of the relatively 
small variation of downwash with longitudinal location in the survey 
region. 

Presentation of results.- The data are presented in figures 12 
to 30 in three general groups: force-test data, tuft surveys, and 
analysis plots and are indexed in table IT. 

DISCUSSION 

General 

The force-test data, particularly data in figures 12(a), 13(a), 
iMa), and 15(a), and the tuft surveys (figs. 20 to 2k)  indicate 
that for high tails and short tail lengths' "behind each of the wings 
tested for the present investigation, the variation of downwash angle 
with angle of attack undergoes rather large changes at high values 
of lift coefficient (CL> 0.6). These changes in ds/da usually 
occur at angles of attack near the angles at which changes occur 
also in the wing lift, pitching-momeat, and drag characteristics. 
Tuft observations of the flow at the wing surface 'show marked changes 
in the flow pattern at these same angles of attack and indicate a 
general shift of lift load toward the root section. That such a shift 
of load occurs for sweptback wings is shown by the data of reference 6 
and in tests made in the Langley 8-foot high-speed tunnel. The changes 
in d^/da that occur at high lift coefficients -therefore are probably 
a result of the increased load"carried "by the root section. 

Data obtained in the Langley 19-foot pressure tunnel show that 
the changes in air flow, lift, pitching moment, and drag that occur 
at low Reynolds numbers at values of lift coefficient of 0.6 and 
higher are reduced or delayed to higher angles of attack by increases 
in the Reynolds number. It is to.be expected, therefore, that the 
data presented herein, which were all obtained in tests at low 
Reynolds numbers, may tend to overemphasize the changes in de/da. 
The actual changes occurring on full-size aircraft probably would be 
less marked and would occur at higher values of lift coefficient 
than do the changes presented in the present paper. The data obtained 
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in the 19-foot pressure tunnel, however, show relatively small 
effects of Reynolds number at low lift coefficients; therefore the 
low Reynolds number of the present tests should have little effect 
on the validity of the present data at low lift coefficients. 

Since analysis of the data involves a discussion of "both force- 
test measurements and tuft surveys, a comparison of the results 
obtained "by these two methods is. shown in figures 25 and 26, -An 
Incremental difference exists between the values of downwash angle 
obtained "by the two methods that is probably caused "by tares; 
however, the slopes of the curves are very nearly the same. The 
tuft-survey data presented are values for a station at the midpoint 
of the tail semispan and no attempt was made to account for spanwise 
variations of downwash angle and tail lift distribution. As noted 
in the section entitled "corrections" neither the downwash angles 
nor the angles of attack from the tuft tests have been oorrected. 
The corrections to both' downwash' angle and angle of attack are 
of the same sense and order of magnitude, however, and as shown 
by table I the corrections to angle of attack are relatively small 
for all the models tested. 

Effect of Aspect Ratio 

The effect of wing aspect ratio on the effective downwash 
angle behind sweptback wings Is shown in figure 27. The aspect 
ratios of the wing and tail were reduced by the same amount so that 
the tail for each model would be affected "by relatively the same • 
portion of the wing. The physical positions of the wing and tail 
remained unchanged when the aspect ratio was changed. The data of 
figure 27. indicate that a reduction in aspect ratio produces an 
increase in the value of de/da, with the effect being less marked 
for the longer tail lengths. 

For all the wings tested the changes in de'/cta resulting from 
a change in aspect ratio are of the order of magnitude obtained 
for unswept wings from the charts of references 7 and 8. The 
measured values of de1/da for a given sweptback wing, however, are 
less than would be calculated for an unswept wing of the same 
aspect ratio and more nearly approach the values calculated for 
an unswept wing having the same panels as the swept wing. This 
result Is illustrated in figure 30 in which measured values of de*/da 
for the low lift-coefficient range are compared with values computed 
from the charts of references 7 and 8 by three- different methods: 

(1) Actual values of A and b obtained on the swept wings were 
used in the charts- 
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(2) Actual value of b was used "but value of A was multiplied 

by the factor  r 
cos2 A 

(3) Value of b was multiplied "by   and value of A 

1 
vas multiplied "by 

coe Ao/k 

cos2A c/k 

Method (3) is equivalent to basing the computations on an 
unswept wing having the Bame panels as the swept wings. . This method, 
although • strictly empirical and having no theoretical basis, gave 
the closest agreement "between experimental and computed values -• 
of de1/da. Computations of de'/da made by method (3) for four 
complete models have also- shown good agreement with experimental 
values obtained in the Langley 300 MPH 7- by 10-foot tunnel. 

Effect of Taper Ratio 

The only directly comparable data on the effects of taper 
ratio -were obtained for modelB D and E. These data are compared 
in figure 28, which shows that for the low lift range the model 

with conventional taper .(:—•. a  2.0^-J has greater downwash angle 

O.617J 

s?T 

than the wing with inverse taper (— a O.617) as would be expected 
\°T. 

from the design charts of references 7 and 8. The data of figure 28 
indicate that in general a more uniform variation of € with angle 
of attack is obtained for. the'model with conventional taper. • At • 
0.2r ahove the chord line, for example, the model of conventional 

taper shows a fairly uniform increase in downwash angle with angle' 
of attack, whereas the. wing of inverse taper shows a particularly 
rapid increase in downwash angle between angles of attack of 12° and 
16°, This result might he expected since the force-test data 
(figs. 16 and 17) also show smaller departures from linearity for 
the lift and pitohing-moment curves for the conventional-taper' model 
as compared with the curves for th© inverse-taper wing. 

Effect of Tail Span and Position 

Tail span. - The downwash data for the wing of model D {'inverse 
taper) indicate that in general the average value of de/da increases 
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as the tail span increases. (See fig. 21.) This condition ie 
probably a result of an increased lift load carried by the tips of 
the sweptback inverse-taper wing as the angle of attack increases. 
For the wings with conventional, taper- •» models -E' and F shown in 
figures 23 and' 24, respectively - a similar increase in the average 
value of de/da occurs at low angles of attack for tail spans 

as large as about 0.5§. For' higher angles of. attack and for tail 
:•• ~d    ••• •   b 

spans greater than about 0.5§> the data generally indicate a, 

decrease in de/da with increasing tail span, because at high 
angles of attack the tip stalling tendencies of'sweptback wings 
reduce the tip lift load and because at all angles•of'attack 
conventional taper has a relieving effect' on the lift load at' th'o 
tip.       -."" •     •• 

•For the untapered wings (models B and C) the spanwiee variation 
of de/da is small until angles of attack approaching the stall 
angle are reached. (See figs. 20 and 29.) At these high angles of 
attack, .the data for bt » O.^Ob'- indicate an increase in de/da 

whereas the data for bt '=* 0.80b indicate a decrease (fig» 29)., 

The difference in effective'downwash angle for the two tail spans , 
is again probably caused by an inboard shift of the lift load, for 
sweptback wings at high angles of attack when the tips stall. 

Tail position.- Both the tuft-survey and force-test data indicate 
the large effect of both the vertical and longitudinal positions of 
the tail .on the variation of downwash angle with angle of attack in 
the moderate to high lift-coefficient range. For example, figures 12 
to Ik  show for models'A, B, and C with the short tail length (position l) 
an increase in de'/da and a corresponding unstable change in slope 
of the pitching moment near maximum lift. -When the' tail length 'is 
increased (position 2 for models A;and B and position 3 for model C) 
the unstable changes in de'/da and dC^/dC^ near maximum lift are 

eliminated. A similar comparison of the pitching-moment and down- 
wash data for'positions 1 and 2 of models'C and t>  (figs'. Ik  and 15) 
shows-that lowering the tail tö a position nearer the extended chord. . 
line of .the wing tends to eliminate unstable changes in de''/da and 
dCj^yfec^ near maximum lift. The tuft data (figs. 20 to 2h)  indicate' 

that for'high tail positions the value öf de/da tends to increase 
at high angles of attack, whereas., for low tail positions the opposite 
is true. : 

In general, the tail positions that are lowest and farthest 
rearward provide the most favorable downwash; that is, in such 
positions the values of de/da either remain constant or show a 
stabilizing decrease with increased lift coefficientf   This result 
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tends tö explain the data of reference k wherein the .-presence of a 
tail was shown.to'improve the longitudinal stability•characteristics 
of an unstable wing and to impair the characteristics of a stable wing. 

Effect of High-Lift Devices 

Trailing-edge flaps.- As shown by the data in figure 22 half- 
span flaps, on the trailing edge of the wing of model D have the 
usual effect of producing an initial positive value of downwash 
angle at zoro angle of attack and generally cause a slight..increase 
in de/da, as is indicated in reference 9. Computations made by 
the method of reference 7, based on an unswept wing having the same 

panels as the sweptback wing of model D, indicate that at 0.03^ 
above the extended chord line tho Increment of downwash angle at a =» 0 
caused by flap deflection should be about 5°, whereas the data of 
figure. 22 indicate an increment of about 5.86. Computations based on 
the actual span and aspect ratio of the.sweptback wing indicated 
an increment of only 3.8°.  • '• 

Wing-tip leading-edge slats.- The data of figure 22 show little 
effect on de/da of the addition of half-span Blats at the leading 
edge of tho wing tip of model 1> in the low lift-coefficient range. 
At higher lifts,' however, the presence of the slats reduced de/da 
over the inner 50 percent of the span.for tail positions.lower than 

about 0.3-5 above the' extended chord lino and increased . de/da for 

tail positions higher than .about 0.3|. 

CONCLUSIONS 

The results of tests at low speed to determine downwash charac- 
teristics behind various small-scale sweptback wings, indicated the 
following conclusions: 

1. Rather' large variations in the rate of change of downwash 
angle with angle of attack de/da occurred for the higher tails 
and shorter tail, lengths.behind each of the winge in the wing-tail 
combinations tested at high angles of attack with resulting large 
changes in longitudinal stability of the wing-tail combinations. 

2. Extending the tail length and lowering the tail to a. 
position near •the extended chord,line generally caused a decrease 
in de/ da and improved the stability at high lift coefficients. 
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3. Increasing the wing aspect ratio caused a reduction in 
de/da and improved the tail contribution to the stability. 

k.    Increasing the ratio of wing rootichord to tip chord caused 
an increase in de/da for the low lift range.    "•; . : .• ...... 

5. The use of trailing-edge flaps caused a slight increase•in 
de/da and caused an increment in the angles ' of-downwash .at low.- 
angles of attack about the same as' would be' expected oft an unsw.ept 
wing. Leading-edge slats caused slight decreases in de/da at 
high lifts, and improved the stability,     ••• 0 , . 

6. "Values of downwash angle computed fran- design charts for 
unswept wings given in NACA Reports No. 6k8 and 711 agreed fairly 
well with experimental data at low lift coefficients provided, the ._:. 
computations were "based on the aspect ratio and span of an unswept 
wing having the same 'panels as the sweptbaok wing.        •;•.a;; .; 

Langley Memorial.Aeronautical Laboratory • 
National Advisory Committee for Aeronautics 

Langley Field, Va., April 9,  19^7 
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TABLE I 

JET-BOUNDARY CORRECTIONS APPLIED TO'FORCE-TEST DATA 

Model 

1  

» Jet-"boundary corrections 

Ax/Cj/- ^D/°L
2 

MJOL 

Short tail 
length 

Long tail 
length 

A Q.kk 0.0076 0.0072 0.01U6 

B .28 «00^9 .OO80 .0130 

C • .28 .001*9 .0030 .0080 

D •53 .0093 .OO69 .0117 

E .32 .0057 - > - _ - > » _ 

F .    -33 .0058 - - -'. - _ _ _ _ 

Isolated 
tallsa 

aNo corrections applied "because of small size of tails', 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABLE ii 

INDEX TO DATA FIGURES 

Model configuration 
Tail position 

number • b/2 b/2 • 

Figure 
number 

Force-test data 

A, with and -without 
tail . 

1 
2 

3.0 
• 1.5 

0.18 
.18 

12(a) 
12(b) 

B, with and without 
tail 

1 
2 

1.6 
2.k 

.29 

.29 
13(a) 
13(b) 

C, with and without 
tail 

1 
2 

*3 
> 

1-5 
.1.5 
2.3 
2.3 

.29 

.03 

.29 

.03 

IMa) 
1Mb) 
lMc) 
iMd) 

D, with and without 
tail 

1 
2 

3 
i» 
5 
6 

i.36 
1.36 
1.36 
1.91 
.1.91 • 
1.91 

M 
.21 
.03 
A3 
.22 
-04 

15(a) 
15(b) 
15(c) 
15(d) 
15(e) 
15(f) 

D, wing alone, with and 
without high-lift 
devices 

E 
F 
Isolated tails 

« - » 

M    ••     W 

«1 

16 
17 
18 
19 

'_        "                           Tuft-survey data - 

B, C, without tail 
D, wing alone- 

D, wing alone, equipped 
with flap and slat 

E 
F 

— •* •• 

1.5,2.3 
1.36,1.91 

1.91 
1.36,2.03 
1.25,1.86 

_ - - 

«VMM 

—    — *  — 

20 
21 

22 
23 
2k 

Analysis plots 

Comparison of force and tuft data 
Effect of aspect ratio 
Effect of taper ratio 
Effect of tail span 
jComparison of measured and computed values of de'/ 3a 

25 and 26 
27 
28 
29 
30 

NATIONAL ADVISORY 
COMMITTEE FOE AEEONAUTICS 
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Figure 1.-  Details of model A showing wing -tail combinations tested.  Wing:   — <= 1.0; A 

A^/4. - 40°.   Tail:   — = 1.0; A+ - 4.0; A  ,. - 40°. 
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Figure 2.-  Details of model B showing wing-tail combinations tested.  Wing:   ~ - 1,0; A = 2.5; 

Ac/4 - 40°-  Taü:  ^ Ä 1.0; ^ - 4.0; A c/4 40°. 
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Fig. 16 NACA TN No. 1378 
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Fig. 18 NACA TN No. 1378 
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Fig. 25 NACA TN No. 1378 
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Figure 29.-   Effect of tail span on effective downwash angle behind 
sweptback wings.   Models B and C. A   ,.= 40°; A = 2.5; 
CR b 
— = 1.0; \ = 0.292 . 
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\/'.(a)A and b of swept wing. 
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Figure 30.-  Comparison of measured and computed values of ds/da for sweptback wings. 
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